Introduction {#Sec1}
============

A novel coronavirus (CoV) named severe acute respiratory syndrome coronavirus--2 (SARS-CoV-2) emerged from China in December 2019. This virus causes the coronavirus disease 2019 (COVID-19), which is having an extraordinary impact worldwide \[[@CR1], [@CR2]\].

The references in the medical literature regarding the ocular manifestations of this emerging disease are scarce so far and, despite the fact that ocular involvement is not well defined yet, some case reports have highlighted the presence of conjunctivitis \[[@CR3]\].

Existing data suggests that conjunctivitis is not a common manifestation associated with COVID-19 \[[@CR4]\]. Nonetheless, characterizing conjunctival inflammation in this scenario could be of paramount importance in case it proves to be prevalent as it may be a frequent cause for seeking medical attention in patients possibly infected with SARS-CoV-2 \[[@CR5]\].

The vast majority of studies published to date have been carried out in China. To the best of our knowledge, this is the first study of its kind in Europe. Given the current situation of the SARS-CoV-2 pandemic, describing the clinical characteristics of conjunctivitis associated with the novel coronavirus has relevant implications in the future identification of suspected COVID-19 patients and the differential diagnosis from other forms viral conjunctivitis. The purpose of this study was to evaluate the prevalence of conjunctivitis in hospitalized patients with COVID-19 and to describe its clinical presentation.

Methods {#Sec2}
=======

This cross-sectional study was conducted at the Hospital Clinico San Carlos of Madrid, Spain, a tertiary hospital which attends patients within the Madrid metropolitan area. The study was approved by the Clinical Research Ethics Committee of this institution and was conducted in accordance with the tenets of the Declaration of Helsinki. Informed consent was obtained from all patients.

Hospitalized patients with laboratory-confirmed SARS-CoV-2 infection were included. Based on the hospital\'s protocol, the general admission criteria for patients were as follows: (1) \< 50 years of age without comorbidities with bilateral pneumonia, or unilateral pneumonia with respiratory failure (saturation \< 96% and respiratory rate \> 20); or (2) \> 50 years of age or patient with comorbidity: with pneumonia, respiratory failure (saturation \< 96% and respiratory rate \> 20), or laboratory/clinical severity (arterial blood gas, hemogram, D-dimer, C-reactive protein, procalcitonin, lactate dehydrogenase---LDH, transaminases).

Patients were asked about symptoms of conjunctivitis (current and previous) and they underwent a basic ophthalmological examination at their bedside by two experienced ophthalmologists on a 72-h period. A total of 301 subjects from the COVID admission unit, whose clinical situation allowed us to conduct the aforementioned ophthalmological examination and interview, were systematically explored. To examine the patients, the investigators wore double gloves, a fluid-resistant gown, a full face shield, and both FFP2 and surgical masks.

The inclusion criteria were as follows: over 18 years of age, patient with positive reverse transcriptase-polymerase chain reaction (RT-PCR) test from nasopharyngeal swab for SARS-CoV-2, hospitalized due to COVID-19, and ability to give verbal consent. Those patients admitted to the intensive care unit, unable or unwilling to give verbal consent, and unable to adequately report previous eye symptoms due to general health status were excluded.

The patient's age, sex, the onset of COVID-19 symptoms, chest X-ray, and laboratory tests results were noted. Laboratory work-up included the levels of leukocytes, neutrophils, lymphocytes, C-reactive protein, ferritin, D-dimer, creatinine, and LDH, considering the blood test results that represented the greater severity prior to the date of the ophthalmological examination. Chest X-ray results were analyzed separately, since it is not uncommon to find a discrepancy between the radiological and clinical findings, especially in the early stages of the disease. Additionally, patients were classified according to their clinical severity as mild, moderate, and severe, following the CURB-65 score, physical examination, respiratory assessment (respiratory rate, dyspnea, blood oxygen saturation, ventilation system requirements), or organ failure. The main outcome measure is the overall prevalence of conjunctivitis among inpatients diagnosed with COVID-19.

The overall prevalence results from adding patients who had conjunctivitis at the time of the evaluation and those who reported having conjunctivitis prior to the examination. Prevalence will be presented as a percentage of those with conjunctivitis along with its 95% confidence interval (CI). The distribution of gender, acute pneumonia, and bilateral pneumonia depending on the outcome status (conjunctivitis or not) will be presented as percentages and the differences addressed through the chi-squared test (of the Fisher's exact test in case the frequencies be low). Differences in prevalence and clinical presentation of conjunctivitis were analyzed by sex. Likewise, the distribution of the quantitative covariates (leucocytes, neutrophils, lymphocytes, C-reactive protein, ferritin, D-dimer, creatinine, and LDH) will be depicted through the median, first, and third quartile, using the Mann-Whitney *U* test to assess their differences depending on the presence of conjunctivitis and sex.

Results {#Sec3}
=======

The overall study population included 301 hospitalized patients (601 eyes). Of the 483 patients admitted to the COVID unit at the time of the study, 301 patients met the inclusion and exclusion criteria. A total of 41 patients were admitted to the intensive care unit, 135 patients were unable to adequately report previous eye events due to their clinical situation, cognitive impairment, or confusional state, and 6 patients did not give consent.

Of the 301 subjects included in the study, 180 patients (59.8%) were male and the median age was 72 years (IQ 59--82; 70 years in men and 75 years in women, *P* = 0.13). Overall, 35 patients (11.6%; 95% CI: 8.48--15.84) were diagnosed with acute conjunctivitis; of those, 10 (3.3%; 95% CI: 1.8--6.1) showed ocular manifestations on the day of the visit whereas 25 (8.3%; 95% CI: 5.6--12.1) reported having conjunctivitis in the previous days, seen by the primary care doctor. Upon ophthalmological examination of the 301 patients, other ocular disorders besides conjunctivitis were observed. Specifically, 3 patients presented subconjunctival hemorrhage, 4 patients had a moderate pterygion, and 2 patients had an hordeolum, which were managed with conservative treatment. In addition, a notification system was implemented for all healthcare personnel working at the COVID unit and evaluating the patients daily. Through this system, the on-call ophthalmologist was notified immediately with any new possible case of conjunctivitis until the date of discharge, which contacted the investigators.

Of the 35 cases that presented conjunctivitis, 13 cases suffered it before admission to the hospital, 12 cases in the time interval between admission and our evaluation, and 10 cases presented conjunctivitis at the time of evaluation. The main clinical characteristics found on the latter are shown in Table [1](#Tab1){ref-type="table"}. None of the patients showed conjunctival petechiae, corneal infiltrates nor membranes or pseudomembranes.Table 1Clinical presentation of conjunctivitisOverall (*N* = 35)Male (*N* = 21)Female (*N* = 14)*P* valueNo.%95% CINo.%95% CINo.%95% CIConjunctivitisUnilateral1954.237.170.51047.726.769.3964.235.785.30.49*\**Bilateral1645.729.562.91152.330.673.2535.714.664.3Conjunctival hyperemiaMild2880.062.690.51780.957.193.11178.548.193.50.99*\**Moderate/severe720.09.437.4419.06.842.8321.46.451.8Mucopurulent dischargeMild1442.426.260.4735.016.459.5753.824.880.40.20*\**Moderate1854.536.871.21365.040.483.5538.414.669.4Severe13.00.320.300.00.00.017.60.746.8TearingYes1542.827.060.2942.822.665.8642.818.271.50.99*\**No2057.139.772.91257.134.177.3857.128.481.7Foreign body sensationYes1234.220.052.0838.119.061.6428.59.660.10.72*\**No2365.747.979.91361.938.380.91071.439.890.4\*Fisher's exact test

The most common reported symptoms among all the 35 patients that presented conjunctivitis during the disease were mucopurulent discharge (100%; 42.8% mild, 51.4% moderate, 5.7% severe), tearing (62.8%), and foreign body sensation (57.1%). None of the patients of our study reported blurry vision associated.

The median time interval between the onset of COVID-19 symptoms and the appearance of conjunctivitis was 6 days (p25-p75: 2--13). There is no statistically significant difference in the time interval from the onset of COVID symptoms to the appearance of conjunctivitis between women and men (*U* Mann-Whitney; *P* = 0.56). According to the patient's self-report, the median duration of ocular symptoms was 3 days (p25-p75: 1--3.5) with a minimum of 1 day and a maximum of 1 week.

Table [2](#Tab2){ref-type="table"} depicts the distribution of the covariates analyzed depending on the conjunctivitis status, the association between the presence of conjunctivitis, and clinical, laboratory, and radiological data.Table 2Clinical characteristics of patients with and without conjunctivitisMeasureAll (*n* = 301)Conjunctivitis\
(*n* = 35, 11.6%)No conjunctivitis\
(*n* = 266, 88.4%)*P* valueAge, median (p25-p75)72 (59--82)75 (54--85)71 (59--81)0.38\*\*Male, no. (%)180 (59.8%)21 (60%)160 (60.1%)0.98\*Female, no. (%)121 (40.2%)14 (40%)106 (39.8%)0.98Pneumonia, no. (%)262 (87.0%)29 (82.8%)233 (87.5%)0.42\*\*\*Bilateral pneumonia, no. (%)218 (82.8%)26 (89.6%)192 (82.05%)0.43\*\*\*Leucocytes, median (p25-p75)7 (5--9.5)7.7 (4.9--10.4)7 (5--9.4)0.56\*\*Neutrophils, median (p25-p75)5.7 (3.7--7.9)6.4 (3.4--8.2)3.7 (5.5--7.9)0.55\*\*Lymphocytes, median (p25-p75)0.6 (0.4--1)0.5 (0.3--0.9)0.6 (0.4--1)0.32\*\*CRP, median (p25-p75)7.22 (2.2--15.2)6.75 (1.8--14.9)7.25 (2.3--15.7)0.68\*\*Ferritin, median (p25-p75)589.6 (287.3--1125.1)548.3 (224.6--948.8)591.8 (29.8--1150.8)0.14\*\*D-dimer, median (p25-p75)1075 (606--2146)1126 (577--2254)1073.5 (622--2146)0.89\*\*Creatine, median (p25-p75)0.81 (0.62--1.13)0.88 (0.66--1.37)0.805 (0.6--1.1)0.29\*\*LDH, median (p25-p75)633 (482--8269613 (463--886)635.5 (482--825)0.94\*\*\*Chi squared\*\**U* Mann-Whitney\*\*\*Fisher's exact test*LDH*, lactate dehydrogenase; *CRP*, C-reactive protein

11.6% of the men and 10% of the women presented conjunctivitis. Twenty-one (60%) patients with conjunctivitis were male and 160 (60.1%) patients without conjunctivitis were male. The association between conjunctivitis and sex did not reach statistical signification (*P* = 0.98).

A total of 262 (87.0%) patients suffered from acute viral pneumonia, which was bilateral in 218 cases (82.8% of the pneumonias were bilateral). Twenty-seven (10.3%) patients with pneumonia and 6 (15.3%) patients without pneumonia presented conjunctivitis. Notwithstanding, Fisher's exact test did not allow us to consider the association between pneumonia and conjunctivitis to be causal (*P* = 0.40). Likewise, the association between the laterality of the pneumonic process was not significantly associated with the presence of conjunctivitis (*P* = 0.18).

Table [3](#Tab3){ref-type="table"} illustrates the laboratory, radiological, and clinical results in patients with and without conjunctivitis stratified by sex.Table 3Laboratory, radiological, and clinical results in patients with and without conjunctivitis stratified by sex**ConjunctivitisNo conjunctivitisMaleFemale*P*MaleFemale*P*** **valueVariablesp50p25p75p50p25p75p50p25p75p50p25p75Leucocytes**96.110.56490.03\*7.159.456.64.99.10.58\***Neutrophils**7.45.29.14380.04\*5.93.785.33.47.90.20\***Lymphocytes**0.50.30.81010.68\*0.60.40.80.70.41.10.01\***PCR**9.642.3214.942120.34\*9.13.417.255.321.1311.20.001\***Ferritin**654.2313.91035.12681037340.04\*859.6389.51353.6374.5201.1724.4\<0.001\***D-dimer**1700618451367538011270.01\*1088.5663.52117.5100851222320.29\***Creatinine**1.070.8221110.03\*0.80.61.190.690.540.93\<0.001\***LDH**6224858865914086990.59\*635.5491.5794.56404668710.62\***VariableNo. (%)No. (%)No. (%)No. (%)Pneumonia**17 (80.9%)12 (85.7%)0.99\*\*\*138 (86.2%)95 (89.6%)0.41\*\***Pneumonia bilat**16 (94.1%)10 (83.3%)0.55\*\*\*114 (82.0%)78 (82.1%)0.98\*\***SeverityMild**1 (4.7%)9 (64.2%)0.001\*\*\*68 (42.0%)48 (45.2%)0.17\*\***Moderate**12 (57.1%)3 (21.4%)53 (33.1%)42 (39.6%)**Severe**8 (38.1%)2 (14.2%)39 (24.3%)16 (15.1%)\**U* Mann-Whitney\*\**Z*-test\*\*\*Fisher's exact test

Among the 301 patients, 41.8% were classified as mild, 36.5% cases classified as moderate, and 21.5% classified as severe disease. The biochemical profiles in men and women also showed differences between them. According to the chi-squared test, there is not a relationship between the COVID-19 severity score and the presence of conjunctivitis (*P* = 0.17). However, in the analysis of conjunctivitis patients by clinical severity, there were statistically significant differences by sex (Table [4](#Tab4){ref-type="table"}). Conjunctivitis was more frequent in males with moderate clinical severity and in women classified as clinically mild.Table 4Differences in clinical severity by gender among all patients and those with conjunctivitis**All patients (*N*** **= 301)**VariableMaleFemale*P* valueSeverity:  169 (38.1%)57 (47.5%)0.06\*  265 (35.9%)45 (37.5%)  347 (25.9%)18 (15%)**Conjunctivitis (*N*** **= 35)**MaleFemale*P*Severity:  11 (4.7%)9 (64.2%)0.001\*\*  212 (57.1%)3 (21.4%)  38 (38.1%)2 (14.2%)\*Chi-squared test\*\*Fisher's exact test

Discussion {#Sec4}
==========

Coronavirus disease 2019 (COVID-19) has shown several clinical manifestations at respiratory, gastrointestinal, and neurological levels, among others \[[@CR2], [@CR4]\]. Although the most frequent symptoms include respiratory symptoms, such as fever, cough, and dyspnea, the presence of conjunctivitis has also been reported \[[@CR3]\].

The frequency of conjunctivitis in patients with COVID-19 has not been fully quantified to date, reporting very different data regarding its prevalence and incidence. A study analyzing a sample of 1099 patients hospitalized for COVID-19 disease in China found a prevalence of conjunctivitis symptoms of only 0.8% and other small series have reported a prevalence around 3% \[[@CR4], [@CR6], [@CR7]\]. However, Wu P. et al. \[[@CR8]\] found that as high as 31.6% (95% CI, 17.5--48.7) of hospitalized COVID-19 patients presented ocular signs and symptoms compatible with conjunctivitis. Our results show an 11.6% prevalence of conjunctivitis among hospitalized patients with COVID-19, differing from previous results.

Conjunctivitis as a presenting manifestation of coronavirus and the relationship between conjunctivitis and the development of serious pulmonary disease are important questions for ophthalmologists worldwide. Wu et al. \[[@CR8]\] described in a series of 38 patients that patients with conjunctivitis were more likely to have higher white blood cell and neutrophil counts and higher levels of procalcitonin, C-reactive protein, and lactate dehydrogenase than patients without ocular symptoms, suggesting that ocular abnormalities occurred more frequently in patients with more severe COVID-19. However, this article did not compare the differences between women and men, and included critical patients, who were not included in our sample. We were unable to objectify any relationship between the presence of conjunctivitis and clinical, radiological, or laboratory severity in our sample of 301 cases. Furthermore, it is interesting to highlight that out of a hospitalized married couple who slept in the same room at home and had equal clinical severity, only the woman presented with conjunctivitis. This suggests that perhaps the appearance of conjunctivitis could depend on the host's characteristics or the inoculation mechanism.

Studies suggest that there are many differences between men and women in the immune response to SARS-CoV-19, affecting more men than women \[[@CR9], [@CR10]\]. Despite our study showed no difference in the clinical presentation of conjunctivitis in male and female, we found that conjunctivitis was more frequent in males with moderate COVID-19 and women with mild disease. We believe this is related to males having a more severe biochemical COVID-19 profile than females.

The clinical characteristics found in conjunctivitis associated with SARS-CoV-2 infection showed common aspects with other viral conjunctivitis, such as follicular reaction, and conjunctival hyperemia and discharge. However, we found distinctive clinical findings among our patients that could guide defining conjunctivitis in COVID-19 patients.

The differential diagnosis of SARS-CoV-2 conjunctivitis includes other viral conjunctivitis such as adenoviral conjunctivitis, based on our findings (Table [5](#Tab5){ref-type="table"}). 54.29% of conjunctivitis were completely unilateral, unlike adenoviral conjunctivitis where there is a greater tendency to bilateralization \[[@CR11]\]. However, bilateral conjunctivitis in COVID-19 has also been described \[[@CR3]\].Table 5Differential diagnosis between conjunctivitis in COVID-19 patients and adenoviral conjunctivitisConjunctivitis in COVID-19Adenoviral conjunctivitisOnsetAbruptAbruptUnilateral/bilateralUnilateral ++Bilateral +Unilateral or bilateral (often sequentially bilateral)Conjunctival injectionMild or very mildVaries in severityFollicular reaction++Chemosis±±Eyelid swelling and erythema--±*Conjunctival petechiae* /subconjunctival hemorrhage--±Discharge+++Epithelial punctate keratitis--±Corneal infiltrates--±Membrane/pseudomembrane formation--±Concurrent upper respiratory tract infection±±SymptomsVery mild-mildMild-severeNatural historySelf-limited within 2--4 daysSelf-limited within 5--14 days (could get worse during the first days)Potential sequelaeNot KnownSevere cases: conjunctival scarring, symblepharon, subepithelial corneal infiltrates, decreased vision

The degree of conjunctival hyperemia was mild or very mild and the presence of follicular reaction has also been reported by other authors \[[@CR3]\]. It was striking to find the absence of petechiae and subconjunctival hemorrhages in our sample, despite the fact that different articles reported the vascular and thrombotic complications associated with the virus \[[@CR12], [@CR13]\]. Also, we did not find any associated complications such as corneal infiltrates and membranes or pseudomembranes, which have not been reported in the literature so far.

The natural history of the disease seems to be a rapid self-limited conjunctivitis that improves without specific treatment. On the other hand, adenoviral conjunctivitis tends to worsen during the first days and could last more than 14 days. The onset of conjunctivitis signs and symptoms with respect to the onset of respiratory symptoms was variable (median of 3 days). Previous reports suggest that SARS-CoV-2 can cause conjunctivitis, either as an early sign of infection or during hospitalization for severe COVID-19 \[[@CR8], [@CR14]\].

The fact that none of the patients reported associated blurred vision nor shown relevant epithelial corneal keratitis agrees with the case series of Wu et al. \[[@CR8]\] However, there is a recent case report that described keratoconjunctivitis as the initial medical presentation of a patient with COVID-19 \[[@CR15]\].

Limitations of this study include the absence of detailed ocular examinations (dilated fundus exam) to exclude intraocular disease owing to the logistical challenges of managing these patients at this critical healthcare resource situation. Since this a cross-sectional study and as such, patients that had conjunctivitis prior to admission were not evaluated by the investigators, but they were evaluated by primary care physicians.

The demonstration of the direct association between conjunctivitis and SARS-CoV-2 infection in the absence of diagnostic confirmation with real-time polymerase chain reaction (RT-PCR) of tears and conjunctival secretions is difficult to prove. However, based on previous results, the extremely low positive rate of SARS-CoV-2 RNA test by RT-PCR in tears and conjunctival secretions from patients with laboratory-confirmed SARS-CoV-2 implies that negative test results could be false negative, not excluding the presence of the virus \[[@CR8], [@CR16]\]. For this reason and due to the limited resources and restrictive measures of access to patients with COVID-19, RT-PCR from tears and conjunctival specimen was not tested. Based on our findings, we estimate that the actual prevalence could be underestimated, partly because many mild or very mild cases may have gone unnoticed by both healthcare personnel and the patients themselves. The exclusion of patients with cognitive impairment or confusional syndrome suggests there could also imply a shift in the actual prevalence. Since this is a tertiary hospital in downtown Madrid that covers a health area with an aging population, a high number of patients had to be excluded due to cognitive impairment, confusional state, and critical conditions, in order to obtain more reliable data. These excluded patients showed no difference in clinical characteristics compared with the included sample.

This is the first study that describes the clinical characteristics of conjunctivitis in a large sample of patients with COVID-19. A recent study carried out in China reported that the prevalence of conjunctival congestion in COVID-19 patients was 5% \[[@CR17]\]. However, out of the 535 patients included, only 343 patients (64.1%) had laboratory-confirmed SARS-CoV-2 infection from nasopharyngeal swabs. Our study includes a total of 301 patients, all of them with the laboratory-confirmed diagnosis. Moreover, the above-mentioned article is a retrospective study where the patients were not evaluated by an ophthalmologist, and the patient's data were obtained from patients' electronic medical records and an electronic questionnaire completed by patients on a smartphone. Furthermore, data about ocular manifestations were obtained by ophthalmologists via telephone, so results are determined by patient subjectivity and ophthalmologist's interpretation. This makes our study the most comprehensive and extensive of its category.

COVID-19 has spread rapidly since it was first identified in Wuhan and has been shown to have ocular involvement, mainly conjunctivitis. We found a prevalence of conjunctivitis in our sample of 11.6%, which allows us to infer that approximately 1 in 10 patients affected by COVID-19 can present conjunctivitis symptoms associated with the disease.

Our observations can help ophthalmologists and other physicians to identify possible COVID-19 patients presenting with red eye or discharge as main complain for seeking care, especially in women who could present conjunctivitis earlier in the disease. However, at this point in the COVID-19 pandemic, it is reasonable that practically any patient seen by a medical practitioner is considered suspected of SARS-CoV-2 infection, regardless of presenting signs or symptoms of conjunctivitis.

A better understanding of the ocular manifestations of the virus will assist in early identification of SARS-CoV-2-infected cases, prioritizing diagnostic testing in patients with clinical findings compatible with conjunctivitis associated with COVID-19.
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